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(s*) Electrostimulation of mtcrohial reactions. 

(g) A method of fermenting a substrate with a micrDoroan- 
Icm by forming o broth oompriolng tho oubatrotc ond the 
micro organism* and forming a fermentation produci there- 
from characterised in that a fermentation stimulating electri- 
oal cignal io imposed ocrooa the broth. 
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Microbe reactions, i.e., fermentation, are the 
biological conversion of a feedstock, i.e., a substrate 
to a metabolite, i.e., a product, by the actions of * 
5 microbes. Microbe reactions are characterized by the 
_ growth of the microbe, and the subsequent formation of 
a metabolite product. That ifll substrate is need 
initially for the growth and maintenance of the microbes 
and subsequently f or Mh the ^ ^ ffiainte:naT)ce of ' • 

10 the microbes and for the formation of product. Product 
formation is related to the c one entra Lion er substrate • • 
the concentration of microbes, M the yield coefficients 

microbes with respect to the substrate. • 
Moreover, the concentration of .microbe* is a function of 
15 the specific growth rate of the microbes, and the yield 
coefficient of the microbes with respect to the substrate 
Fermentation reactions are typically slow reactions. 
That xs, they require long residence time, i.e, high 
ratios of reaction medium volume per mux volume of 
20 production per unit time. They alao. have a l ong initia 
txon time. That is, metabolite product cannot be formed 
in large qualities until high concentrations of microbe 
a*e present. fluLrlent, i.el, substrate, is initially 
utilized primarily to ^cw and maintain microbes, and 
25 there-after it is utilized to a greater sxtent to form ' 
metabolite product. 

Moreover,- the reactions, involving microbial growth 
end division, are complex. Por example, when the 
mxcrobes ara bacteria, cell growth and division is by ' 
30 fxssxon, i.e., an individual, cell will double in mass 

and content of cell constituents, and then spl.it into two 
identical daughter cells. way of CM . tpaatj yeastg 

- are a class of microorganism that grow and divine by 
™doing. That is. a bud will g^ow on an individual cell 
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until it matches the siie of the original cell, and .then 
separate,, leaving a bud scar. I\xngi grow by chain 
enlongation and branching, i.e., with growLh proceeding 
from the tip of the nycelium through the fowaation of 
5 septa between individual cells . Cell division nitty 

require anywhere i'rom 15 minutes to an hour for bacterial 
growth, from 4£ minutes to 2 hours for yeast growth, and 
from one to Bight hours for fungi rrr mycelial growth. 

The specific path of product synthesis, i.e., the 

10 reaction path .tor im.fi formation of the metabolite 

product from "the bubetratc or nutrient ic not clearly 
understood for every fermentation reaction. However, 
it io believed to depend upon microbe growth and 
Concentration, nutrient utilization, and metabolic 

15 controls. 

It' has now been found that the reaction rate of 
fermentation reactions, that is, the yield per unit time, 
unit voluiue, unit nutrient or substrate concentration, 
and unit microbe -concentration is enhanced by the 

20 , application of an alternating or pulsed high frequency 
elfie/tric field to the reaction medium of microbes, 
substrate, and nutrients. 

As used herein, the terms "fermentation", 
n fermentation reactions 11 ! and "reactions utilising 

25 fermentation techniques* include aerobic and anaerobic 
metabolic activity of a microbe or microbes in which 
chemical changes are brought about in an organic or 
inorganic substrate, and any process mediated by or 
involving microbes or microorganisms in which a product 

30 accrues. 

As used herein, the terms "microbes", "microbe 11 , 
microorganisms", and "micro-organism" include prokaryotea 
and eukaryotes, "Prokaryotes" , as used herein, means 
unicellular microorganisms, including bacteria and 

35 unicellular blue-green algae, "Eukaryotes" , as used 
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herein, means multi-cellular inicroorganiemo , including 
fungi, yeasts and actinomyoetc3. . As used herein, the 
terms* "microbes", "microbe" , . "microorQanisBa" and "micro- 
organism" include immobiliaed microbes and systems 'and 
5 structures of imiuubiliaed microbes as well as ncn- 

immobilized microbes. As used herein, Lhe terms "micrnhes" 
"microbe", "microorganisms", and "microorganism" include 
both naturally occurring strains and artificial 
recombinant sti'ains. ■ • 

10 fermentation reactions, i.e., fangus, yeast, • actin- 

" oayectes,' and' bacterial fermentation reactions are 
Utilized industrially. Fermentation reactions are capable 
: of wider industrial' use: based -upon raw material avail- 
ability and costs, by-product- usage, and increased 

15 reaction rates. 

According to tne invention described heroin, any 
or all of- the reaction rate, the innoculum build up, or 
efficiency of -conversion, are increased by eleotrioal 
stimulations Electrical stimulation. may he Utilized to 
20 \ reduce the time .required to carry out the" reaction or to 
increase the^ productivity of a given unit of production, 
that is to increase the number of "batches that can be 
fermented 5 in a given' reaction vcds el, 

3^y electrical stimulation is meant the application 
25. of a pulsed or alternating high frequency electric 

•. signal field 'across the broth whereby to pass an e lectrical 
' current through the hroth, e.g., *y inserting electrodes 
• . in *he broth, under conditions which increase the rate 

of the microbial reaction, • while substantially avoiding 
50 significant destruction of the micro-organisms, e.g., 

fungi, bacteria, yeaats or actinomycetes, the reactants, 
e.g., me substrate, or the products. * 
It has been found that a frequency of from about 1 
kilohertz to about lOOO kiloherts is particularly 

in cariying out ibe met hod or tliis invent iou. 
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USie electrical stimulation electrical current 
may. be an alternating current or pulsed direct current* 
It should have a frequency of from- about 1 Jciloheifcz 
tu about 1000 kiluhext** altliuuKh f x-eiiueiicies- belo* . 
5 about 10 megaherta. may be used as veil as f requencies 
above about 0.1 ki.lob.ert z with .a oidc increases in yield* 
Howr.ver, care should be taken e*g, by using a frequency 
• above about 0#1 kilohertz, to avoid large . "amounts of 
electrolysis occujrring withiti the reaction Ttmdiiim at 

10 low frequencies. . 

The method or this -invention may advantageously be 
carried out at various ranges of the electrolytic 
variables. i.e., electrode area, inter-electrode spacing, 
inter-elcctrodLc volume f current , current density! 

15 current per unit inter-electrode volume, current .per 
unit broth, volume, vpltage, voltage ,per unit inter- 
electrode spacing, power pex unit ihter-electrode volume * 
power per unit broth volume , and. frequency.- 

2?or example, the method of this invention has been 

20 * carried out utilizing Saccharomynes cefvi sj.aa to ferment 
glucose at currents per unit interelectroie. vblume of 
from about 1 x 10~? .milliamperes per cubic centimeter 
to about 50 x 10~' ailliompcr^es per oubio centimeter of 
inter-electrode volume, at currents per unit broth 

25 volume of from -about 1 x 10""* milliainperes per cubic- 
centimeter to. about 50 x 10"* lailliauiperes' per cubio 
centimeter of broth, current densities of about 2 x 10""^ 
\ milliainperes pex« .square " centimeter to .5 x 10~ nd-lli- 
amperes per square centimeter of • electrode ftTea, voltage 

59 fluxes of 0.1 to 3 millivolts per .centimeter of int'er-p 

electrode space, n Titer elect rode power dissipations of 0.2 
m -x 10*"^ watts per cubic centimeter to 6 x 1Q~? watte per 
cxrbic centimeter of inter electrode volume and broth- 
power dissipations bf 0.2. x 10"® watts per cubic ccnti- 

55 meter or broth volume to 8 x-10~ 8 watts , per cubic 
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centimeter of broth volume. Electrolytic variables, i.e. 
currents, voltages, and. power dissipations, and products" 
and quotients thereof, outside the above ranges may be 
utilized as long as car* is taken, by avoiding simultan-' 
5 eous astomer of the ranges, to avoid destruction of the 
'microbes; 

According to one exempliXioation of the method 
.- herein contemplated, a reaction medium of o hexose, 

e.g., gluooee, other nutrients, and a yeast, Saccbaromvcea 
10 corevlsiae is- provided. A pair of electrodes arc spaced 
aDout 4 tc about 7 centimeters from each, other within 
the broth, and an electrical current at a current density 
of about .0.1 to about 0.3 milliamperes per square 
centimeter of electrode area is passed through the 
15 reaction medium at a frequency of about 100 kilohertz to 
about 1000 kiloherta. In this way, the yield, of product 
per unit of substrate per unit time is increased by 
about 15 to ahout 20 percent compound with the result 
without electrical stimulation. 
20 Aooording to an alternative exemplification or the 

method of this invention, a reaction "broth of a 
bacterium- euoh as ^cillus goi^u^a or Bacillus licneni- 
formis, and glucose are prepa-r«a. (Ehe fermentation 
. reaction is then carried out while an altexnating current 
-5- having a frequency of ahout 1 teLlohertz to' about 1000 

icilohertz, an imposed voltage signal sufficient to provide 
. a current of 1 x 10~5 milliamperes per cubic centimeters 
of interelectrode volume and 10" 1 to 5 milliampers per 
liter of oelution is imposed across the "broth, 'fhe 
50 resulting production rate of butane diol ia increased 
by about 20 percent compared with the result Without 
electrical stimulation. 

Che method of electrostimulated fermentation herein 
described is useful with single cell blue-green algae, 
35- bacteria, yeasts, and actinomycetes. Suitable yeasts 

are for example, heker's y east 8n d brewer's yeast, i.e., 
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single cell yeast of the SaccharoTnycoS dicae group, as 
exemplified by Baccharomvces • cerevisiae^ 

(Che method of clcctroatimulared fermentation is 
•useful with various feedstocks. Exemplary are various 
5 carbohydrate substrates.' 3y oarbaiydratc3 we neen for 
example polyhydroxy alkehydes, polyaydroxy ketones, and 
subscances that yield polyhydroxy aldehydes or poly- 
" 'hydroxy ketones upon hydrolysie -or siaccharification. 
Exemplary carbohydrates, ax© sugars, i.e. '.caochorides. 
10 The saccharide useful in. the method of this . invention, 
may he monosaccharides, .'i.e. * carbohydrateo incapable of 
further hydrolysis., ur-'poly saccharides , i.e» carhohydrates . 
that yield monosaccharides upon hydrolysis 02? saccbar-r- 
ifieatiou. Haturally ouooxrins saccharides useful as 
1 5 substrates in the methods- of this invention include 
. ' heptosea, hexoses, pentoses, tetro&es, triose, homo- 

polysaccbaridfts thereof V anri heteropolys^ccharides thereof. 

Exemplary hexoses '.include glucose; fructose, mannose, 
galactose, and the fructose-glucose, dissacharide, sucrose. 
20 Exemplary peato'eee include arabinosc; 1 xylose,- riboee, and 
apiose. Exemplary polysaccharides .include sucrose, 
mentioned above, maltose, lactose, .'raff inoec, starch, 
glycogen, cellulose, pectins, chit On, innlin, agar, 
hemicelluloses , plant gums and mucilages and immuno- 
25 polysaccharides. Br carbohydrates " we- also mean sugar 
alcohols, e.g. sorbitol, Tna^nitol, gloctitol, or- the 
inositols. Industrial sources of carbohydrate include, 
by way of exemplification- manure, c'ellulosic wastes, 
molasses, whey, sugar, grain etarobee, and byproduct 
30. carbohydrates. .Suitable grain starches include by way 
of exemplification -corn, com stover, wheat, barley, 
straw, and bagasse. 

Amino acide swy be utilized as" substrates for 
fermentation type i-ttautiona. They m*iy..'be recovered as 
35 products of fermentation type reactions, or they may be 
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intermediates, produced in one farmeatutien type 
reaction as a substrate Tor a subsequent Mentation type 
reaction. Exemplary al^-asdno acids- include glycine^ 
alanine, valine, leucine, ^leucine, serine, tnreonin , 

e V CyS T * me ™^> P^lalenine, tyrosine, 
prolix txyptopw, lysine, ex^e. histidins , • septic 
acid, end glutamic acid. She above enumeration L 
, intended to bs exemplary, and not exclusionary 

Other substrates wnich may. be utilised ore, for 
10 example, hydrocarbons, e.g., aliphatic hydrocarbons 

IT Tt ±0 ^^V*** « beterocyclio hydrocarbons. 
As used hereto., hydrocarbons include, substituted bydro- 
carbons, e.g. halogenated hydrocarbons, and hydrocarbons 
having or more functional groups, e.g. alcohol, ■ 

15 ietono, aldehyde, acid, ether, a„ine, amidine. IJ-aliyi 
.amxde I,HW W amide, imiddc ester, ia^ alcoaLe, 
ketxminc, thiol, thio ebher, disulfide, thio acid " 
dithxoacid. thio aldehyde, thio hctone, sulfonium' 
sulfo3d.de, eulfinic acid, sulTone, sulfonic acid, phos- 

.20 phxt«, phosphinc.phosphonate, phosphate, orthocarbonate 
. carbonate, chloroformate, carbamate, carbamide Cineludin* 

. «~«, i^ocyanafe, 5 

carbodxaaxde, xanthome, thiocarbamate, thiocyanate, 

xootbxocyanate, diasoate, or di^ocyamide groups. 3* 
25 .many esses the substrate is a dilute pollutant; and is " 

degraded or metabolized to a non-polluting product ' 
. • The method of electrostimulated f ermeutation'may 

be ut^ed with both aerobic and anaerobic fermentations. 

30 industrial scale production of any product that can be 
produced by fermentation techniques, as described 
hereinabove. *heoc products include the following, *hi oL 
enumeration is exe in plary .and not exclusionary: anii^ 

35 S V ° rSailiC solv «**> *te example, alcohols, e.g., 
35 butanol.-eLhanol, and smyl alcohols, ketones e.g. ketone; 
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gaees, e«g* carbon dioacide and hydrogen.} beverages, e#g* 
wines , heaps and. lienors; foods, e.g. cheeses, fermented 
milks, pioM.es, sauerkraut, aoy sauce, yeast, vinegar, and 
mushrooros; flavoring agents e.g.' monosodium glutamate 5 
5 organic acids and hydroxy acids e.g. lactic acid, acetic 
acid, c5tr5c acid, gluconic acid, butyric acid, fumaric 
acid, and itaconic acidj glycerol; 'amino acids, e»g. 
Ir-glutamic acid and L-lysine; steroids; organic trans- 
formations j including steroid, alkaloid, and antibiotic 

no transforations; yeasts, including food yeasts and 

an^Tnal feed yeasts, legume innoculants peetioides, eg, 
microbial and bacterial pesticides; vitamins and growth 
stimulants, e.g. vitamin B 12 vitamin A, riboflavin and 
gibberalkines ; enzymes including amylases, proteolytic 

15 enzymes, peetinases, inveniases, . and celluiases, inter 
alia j fats; fatty acids; aluuhois; fuels; and ltfd-L-o- 
carbons » 

She electrostimulation method liex-eiu contemplated ■ 
may also be used for the control or destruction of 

20 • deleterious substances, e.g., pollutants, and aqaeous 
dispersions, suspension's and solutions of hydrocarbons 
or haloca.rbons , including polymers thereof « 

While the electrostimulate fermentation method 
described herein above is useful with various microbes 

25 in various fermentation reactions, the method of this 

* invention may be exemplified by the Weizmann Process for 
the bacterial fermentation of starch to yield n-butyl 
alcohol, ethyl. aXcobol, and acetone*; thft production of 

■ ' ethyl alcohol by the use of flhizopua f oraosaenai s, 

50 Bacchar omyoes cervisae , Saccharomyces uvarium , ot» 

Aspergillus foetiduo t the production of acotio aoid 
utilizing ACctobactei alcoholophilus ' « Lactobacillus 
plant arum , or Polyporus palustris ; the production of 
acetone utilizing Olostridiums ; the production of butanol 

35 utilising Cloatridiums ; the production of glycerol 
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utilising Bacillus lichanlJormus or Saccharose rouxii- 
the production of acetie acid ucing A cetobaolei uasi^ 

2£22i£5 tie production or wines using; Saccharoses 

^ chevalier i, Saccharoses ocrrisiae, Saccharoses..: ^ 

J> Saooharo 5Xti e 8 _v £ fer, Saccharose** ^ \ ^tg^ ' 

ffLorenttoa , Saccharoses aogtj, or gaccharo^e^^ldgna. 
the production oX edible proteins utilising C.haotomium 
. cellalolytiium, ggotrioum ctmd idum. Candida utilis 

Ccllulmo nag, or Alcaldes W^: ^. r -Hnrf'"i„ c f 
° a=*nroqpi*ones utilising Chrzaog^ori um iaerdarium . 

Holminth a poriuai cjrnadonltls, or Praicillium ig^ndjoum - 
the production of antibiotioa utilising ^ssochla^ ' 

2S2?risaL2aBAaak£, Gliocladi^ Aspergillus aptie^u a 
Aspergillus ^hurgus, Ptei^giL^^. Pgi^n^ 

15 gs pfcensi , ren^lliu^alilanj., Penicillin p ^T^T 

" Aspergillus nidunaua , Penicillin , ^t^^ 

Serr ate rebiaaea, Strgptomyr.^ lavendul^ , S^IT— ' 
• ciauliffons , Streptoinycea .li^gnii, Acinetpbactgr ^7^7 " 
-0 oceticus, Bacillus ceres, iiaciUus liehenif ormis . ~ 
.Bacillus aubtiliR, the production of ' I^arsininl by 
Bacillus gnbtilis , Breribacterftnn Cor^ebactcrium 
jglatamxcupi , or ^cta^o oaoto? . t^iag^T ^ 

25 acid by escheri.oM.a ? the production 

25 .or bxotin by Coryneb* pterin rio^dans , or Psu . dD _ 

manus autablio, the production of butanediols n«7^ 

. . Bacillus lldhBiifnrml^ , Ba cillus poly^ , or KLebeiell^ 

the production of butyric acid U^nV^T 
giy brio fibrxsolveT,.^ the production of caprylicTcId 
*° ^ bacfceri ^ - il^c-faolyticu m 5 the production or ■ 
carboxylxc acid utilizing Sacohronnrco^i.s lium^ic* . oa? 
5E2r°lnj^^ the production of formic acid usin E 
^olyjDorua^salustris; the production of fructose utilising 
Bacillus se^ tarium, Pseudcttanua b M ^,jH, or ^udp^g 
55 fluoroacens ; the production or gluconic acid usin^ 
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Aspergillus caifoonariU3 % or ' Penioillum chrys o fleixum ; the- 
production' of gluccr&e utilizing. ffrichodarma longibrachr - 
iainiB; the production of p-hydroxy bsnsaldehyde usiiig 
G accharowycea gaticj tie production of singl* cell 
5 proteins utilising Arthrobacter petrolcophagus % 

Arthrobao-ber rub ellua , Arthxoba^ I sr . . Aspergril3ug rrnniB- 
atu£ 9 Ce L J u 1 nmonas cartely^icuk , Coryncbacterium fu.ji- 
. • okcm3e 7 Ifluyaroay oes fr agilis morehella crassipe . t^p.o^ 
bacterium cur^a-frum' , >3ycoobacteriuiiL petrol cophilum , or 

10 Nooardic neoopaca , and the production of xanthaxi gum 
using , e-S-f XanthamoTiag campestris . The method of 
electro stimulated fermentation be used 'In ttie 
fermentation of substratp.si to obtain .vitairj u g f anti- 
biotics, [and enzymes. * . 

-15 Electro stimulated fermentation also finds utility 

in microbial cellulose digest ion 5 e.g., with Po lyanKium 
cellulosum ; cleaning metallic surfaces,. e->g. f - with 
Thiobacillus f errooxidans. qr ghiobkcillua thiooxid* r*; 

degradation of cellulose; degradation of ryanides in 

i ... 

20 vast© water, e*g. , with Bacillus subtilio , Ooryncbeio-fc e rimn , 
or ITocard ia rubrop ex^tiucta ; . degradation.. £f 'ethylene 
glycol with unidentifie.d bacterium, ATCC 270^2$ degradation 
of chlorinated phenol fungicides; ^degradation of systemic 
fungicides, e,g, t 'itfith Bhizoous japnniCTis ; degradation 

25 of hydrooarbono, c%g«> with/Agpe rsillus Versicolor , 

Brettanomyoes petrophilumy Candida' petrrophllum, Candida 
tropicalis , Claclosporiua reslnae , Cu^ninghamella 
elegans, Eupenicillium zonatnufr , SaccharomycapnT^s lipul^r- 
tica , or ffonilopsig pgtropbilum j degradation of £jet fuel, 
. 30 e.g., with Acre monium .strieLuin , Alt:emaria- alternata , 
Aspergillus jumigaltafi % or Cladosporium resinae ; * 
degradation of methanol, e.g., with Hanaenula' polTPiorpha ; 
degradation or nitrjles in' waste water, e.g.j with 
Aloaligenea vi solacgie, Nocardi a ra bruplijicta ,. or 

35 Bacillus subtil is ; . riftgrad?rcion of petroleum* e«.g«with 
Aspergillus aureohaoidium ^ Candida pa rapsilasis ^' Candida 



05/31/2031 15:42 08B4215505 



raXDTAX 



0041 373 

11. 

tropicalis, Candida utilis, Clodpaporixug cladoaport 
Tfrrotheoium veriuc aria . Nocardia coral, Tina . Necardia 
Rloberula , Noca^ia opajg,, W rdia garafflnae , ttocardia 
£ubra, rgnieilliuui, Rrototheca. Hhodotorula . Sac char o- 
5 myoes cfiTnrisiae, or gaooharomyco-psis lippivti ga ;"" the 
degradation of phenol, e.g., with SloeoTJorua dic hro-,,*. 
or gMdn-fcorola glutinis; the degradation or wood'; 
^ phosphate removal in sewage treatment, e . Sl with ' 
Ohrysospoyruim pannorum. Gootrictoa m candidum . Plucar 
10 hienalio , and laecilumyces gamgngj water pollution 
control, e.g., with Shodotorula fr lntjTvrg and Tricho- 
theoium roseum; ' and the production of dexfcrane by the 
fermentation or sucrose, with Xeucoao stoo mesesfc, 

e goidgg and Bgtaoocous arabino sarena. and* the production 
1*7 of inmranopolysaccharid.es. 

The following examples axe illustratiVR : 

EZAnPiiE I 

Electrostimulated and conventional fermentations 
were carried out in a hatch reactor. 
20 Che reaction broth was prepared hj plying 1500 

• milliliter of distilled water in a sterilized 5 liter 
beaker. Carbohydrates , water and nutrients were added 
to the beaker in the following quantities: 
Glucose 220 grams 

2 ^ - «l ' 3- grams 

GSO^gSqa S grams 

• . KgHPO^ . 2.4 grains 

2B 2 :p0 4 * 0.4 grams 

"Distilled Water to make 2 lifero 
30 Thereafter, a 200 milliliter portion of the glucose 

solution was placed in a sterilized container and 14 
grama cf Fleiechmann'e Baiter's .Yeast, Saooharomvces 
oorevisae, was added thereto and stirred to form a slurry 
; The yeast- e lucose slurry was divided into two equal 
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portions of 100 milliliters each and pub" into* *w 'i liter 
sterilized resin Settles. To each or the divided yeast- 
glucose slurries were added 2,1 grsuaa of corn meal, «nd 
700 milliliters or tie glucose solution. . 

The outlete of hoth reactors were connected to 
wet test meters to measure the gas produced.' one reactor 
was run without eleetribal stimulation. * 

The other reactor haid an electrode pair oT two 
4 square inch stainless steel eleotrodco, 4* centimeters 
apart* A signa l generator was utilised to. generate a 
300 kilohertz, sine wave, voltage signal • • A £0 iailivolt 
signal caused a current of 1.5 milliamperes to flow* 

Eight eimtiltaneous, . side-by-side runs ' v^ere made, 

with one reactor having ^lecUrical stimulation and the 

* * • « 

other reactor "beine unstimulated. 

The results shown in Table I, below* were obtained; 

TABEE I • 

COMPARISON OS 1 ELECTSO-ST IltUIAIISD- FJES^ZHODAfDIQir VJTK 



20 


Length 
of iion 
(hours) 


amp eres) 


Moles of 
Etliaaol— 
SiriBmla.-facd 
{.eel euro- . 
ipato graphic ) ■'• 


Moles of 
Efckaaol- 
- Tfris± inul ated 
CgeJ nh-ro— 




26.5 . 




. 0.476 ' 


0.-456 . 






1.25 


." 0.506 


'.' 6.475 




22 


1-5 


. \ :o.56i 


0.469 




47-5 


1-5 


0.967" 


O.930 




23-4 


2-25 


O.HQO 


O-855 


30 


27 


2.5 


0.420 . 


0.390 




43.4 


1.5 -6.1 


. 1-14 


1 ..16 ; 




25-5 


2.25-6,5 • 


. 0.713 ' " 


O.707 1 






EXAMPLE II • 


* 



Electros tiaxulated fermentation was carried out in 
a hatch reactux- to deteisoine the effect of current and 
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!Che reaction "broth was prepared by placing one 
liler or distilled water in a storili ee d booker 
Carbohydrates, voter and nutrients were added to tne 
beaker in the following quantities s 
5 Sucroec 100 grams/liter- 

H ? 01 1-5 grams/liter 

(EH 4 ) 2 S0 4 5tl grams/liter • 

EgEPO^ grams/liter 
KH 2 PD 4 t 0<2 grams/liter 

nu Distilled water ■ 

1.2 liters cf the solution were placed in a 1.5 i i1leJ . 
resin kettle. 

There art er, 7-0 grams of Fleischmann'e dried Baker 'a 
Teast, saecharomyces oercvioiae, was poured on top of the 
15 reaction broth. The reactor was then closed, with gas 
venting through a water seal bubbler. She mixture was 
allowed to stand for 18 hours. 

'.thereafter, at 24 hour intervals, the slurry was 
removed from the reactor by aspiration and filtered to 
20 recover rhe yeaafc cake. The yeast eake was added to 1 O 
• liter of fresh reaction broth and returned to the kettle 
which was sealed wit* « . e a S vent to a burette of 1 percent 
aulfurio aoid and stfeed for p ann ates. 

After two hours, four gas volume readies were token 
at one half hour intervals, and used to calculate a 
. base gas evolution rate, Ho. Thereafter , electrical 

stimulation was commenced. Pour -goo volume readings were 
taken at half Lour intervals beginning one ntmr after 
electrical stimulation, and ucod to calculate a test gas • 
evolution rate, • p«r the fermentation with electro- 
stimulation, H is the gas evolution rate. Por the 
fermentation without electrostimulation, is the gas 
evolution rate measured simultaneously with and calculated 
^ in the same way as the gas evolution rate lor electro- * 
^ stimulation. - After thre* hours of electrical stimulation 
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10 



15 



20 



50 



1*. 

the current was turned off for- 19 hours , and then 
reaction slurry removed as desoxdbed above. 

>;aoh electrode was a nickel wire, 0.63 millimeters 
diameter, spiraled twice around a four inch ClO cm) long, 
5 millimeter diameter glass rod. 2!he electrodes were 
opaocd 6.5 to 7.0 centimeters apart. Voltage was 
provided toy a uynascan 3010 function senerator. 

The effect of applied electrlual field was as shown 
in Table IT below: 

TABSE II 

EFFECT OF APPLIED CUEBEHT (AO? 100 KILOHEEIZ) 
ON (iA.S KVniffPIQN • 



Current 
(milli- 
ampercc) 

0.15 

0.15 

1.5 

1-5 



(B^/Bo) 
(without 
curre nt 3 

•1.05 

0.92 

• 1.01 

0.98* 



(wifh 
cu rrent^ 

1.15 
1.02 
1.13 
1.17 



(njn/Eo)with 
current 
CHm/lto) without 
cu rr ent 

1.10 

1.11 

1.32! 
1.19 



•. The. ef foot of frequency was as shown in Table III 
toelow: 

• " T AB TJ} HI 

EFFECT OF FEEQOEKCT (AT 0.15 MILLIAMEEEES) 
.'" - ; OCT GAS EVOLUTION . 



Frequency 
^JsiJ-onercg ) 

10 
100 
100 



<VRo) 
(without 
current^) 

0.83 
1.05 
0.92 



(Bj/Eo) 

(with 
current^ 

0.92 
1.15 
1.02 



(Em/Ro) with 
current 
(fiJ/JioJ without 
current 
1.11 
1.10 • 
1.11 



EXAMPLK TIT 



35 



Fermentation of glucose with s.cervisiae was carried 
out with and without electrical stimulation. 
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15- 



40 



A troth was prepared containing 220 grama of 
•Bluoooc, 7.5 grams 0 f S.cerevisae, .10 grams of mr CI, 
22 gra™* or Wa2 HP0 c x 7 BsO, 12 of « - *• ' 

1 gram of MgSO^, and 0.04 grams or CaCl^Hd distilled 
wdtex tn make two lit ere- - 

broth wa s divided into two portions and placed 
. in Sterilised resin kettles. Both kettle were stirred 
continuously with a magnetic stirrer. One kettle • 
intended for electrostimulation, had an electrode paiT- 
each electrode was a 0.63 millimeter diameter nickel 
wire spiral ed twice around a four inch (10 cm)long, 5 ' 
millimeter diameter, glass rod.- '±«he electrodes were 
spaced 6-5 to y.O millimeters apart. ' 

She fermentation w«* carried, out at 30 derrsks 
Centigrade for 2 3 .5 hoi,**/ A signal generator was 
utilised to generate a 300 kiloherUs, 50 millivolt, sine 
wave signal. The remits shown below were obtained: 

S.OBHTIGI aE PEETIENTaTloir 
Q? GLUCOSE ' 

WITHOUT 
• ELECTRICAL 

STIMULAHTOTir 

EBEQUEJSICy . _ • . 

CURRENT • ' • ' ' 

INITIAL XEAST (GKAMB/ 
LITER) 

EXKAL XEAST (GRAM$/ ' 

IrlTEE) 

INITIAL GLUCCST? (GRAMS/ 

LITER) 
EINAT, GLUCOSE • (GRAMS/ 
• LITER) 

TNITIAL JLLCCITOI ' (GRAM&/LEDER) 0 * ? 
PINAL ALCOHOL (GRAMS/LITER) 



WITH 
EIEOTRIOAI/ 
STIMUXAgTQtT 

300 kiloherts 

1»5 williamperes 



3- 4 
8.8 

108.9 

4- . 3 



GRAMS OE YEAST/GRAMS OP 

GLUCOSfci-TTOUR 2.18 x lo 



GRAMS OP ALCOHOL/GRAMS 

UP GLUCOSE-HOUR 1.71 5c lO' 



r5 

.-2 



GRAMS OP ALCOHOL/GRAMS 
. OE YEAS"!.' (PINAL) 



4.87 



5.5 
9-3 • 
IOS.3 

<0.20 
0.8 
54.4 

2.8? x 10" 3 

2,18 x lo -2 

5-72 
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16. 

GELT, COUNT OP 200 SQUaUES (tlxpee pipette san^les per 
kettle) ' 

SAMFIE 1 660 86? 

SAMPLE 2 739 89i> 

5 SAMPIE 5 632 804 
HGUtf . 677 

"RANGE 107 91 

STAKDA.RD BEVIA-TIOIT 63 53 

PEKOfcW 'WETjATTVTS 
10 STANDARD DEVIATION 9.3 6.2 

DIFFESEKCE UT HEAJJS 17B 
cr.,2 +• 2" « 47 



»2 . 26 ± EEIATIVE 

4 (at 1 ctandard deviation 
i-5 (o 1 is the stranded level) 
' deviation and n^ i s *ke 

number* of replications)- 

* • * » * 

The student's "t" test was applied to the cell \ 
counts* A Qt or 3*79 with a probability of 0.02 was . j 

20 obtained. Ehat io t the probability" that random errors ' 
would result in the 26# relative difference observed 
was less than 2 percent. 

TIXAMPliE IV 

A series of teste were conducted to oompare 
25 electrostiiiiulaled fermentation with conventional 

m £ eTTnentation. For each test a simple nutrient solution 
was prepared- A portion of the nutrient solution was 
• .withdrawn to malre a yeast solution. The remainder of 
the nutrient solution was 'divided into two equal 
50 portions dnd placed into two identical laboratory 
ferment ers. Both feimentere had cm electrode pair- 
Fleiechinaiin's: Baker's Yeast, Saccharomyces cervisiae ,, was 
slurried in the remainder of the Dingle nutrient 
solution. The nutrient solution, containing the yeast, 
55 was divided in half. Each half was placed into one of 

the two identical laboratory fermenters, A voltage i 
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signal was applied across one -solution only of the pair. 
Solution samples were nimultsneously taken from "both 
oolutions of - the pair. Differences between the two 
fermentations of a pair were attributed to electro- 

5 otimulation, while differences between eoto of pairs of 
fermentations wero attributed to conditions of the 
nutrient and innoculum solutions prior to commencing 

. the tests. 

For each fermentation a resin kettle fermenter was 
10 US *d. Th* resin kettle fermenter had an inside diamster 
. - of 10 centimeters, a depth" of L$ eentiaetero, and was 

sealed on top. Each rccin kettle fermenter had a sample 
probe, a pH probe, a mechanical stirrer , a sodium hydroxide 
inlet, a gas outlet, and an electrode pair. The 
1.5 electrodes were a pair of two inch (5 em) hy two inch. 

(5 cm) Stainless steel plate electrodes opaoed two inches 
(5 om) apart, 

A glucose solution was prepared by adding in order- 
Glucose - 2,0 220 g rams . 

20 hh 4 01 10 

ua 2 HP0 4 . 7^0 22 grams 

' , 1 gram 

- • OaOlg . o.04 gram 

* 5 . H 2° • ; "to make 2 liters 

!Eho glucose solution was boiled, and the pli was 
. adjusted to pS— 5 with H^K)^. 

A yeast slurry was prepared by withdrawing 200 
milliliters of the glucose solution, *nd stirring 3.6 
grams of iFleischmana's Baker's Yeast Sa ccbaromycea 
5-^?Lyji s 3- ae into the nutrient. """ — - 

Each test was commenced by dividing the nutrient 
solution into two SOO milliliter- portions and placing 



50 
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15 



20 



16. 



onft popti on of tlie iwtrient solution into ccicli resin 
kettle .fenaejifce.e. . Thereafter tli'e slurry "bf yaast and 
.•nutrient was divided into two 100' milliliter portions. 
One portion or the yeast-nutrient -slurry* was added to 
each of the resin kettles, 

The x-esin XeUlea were maintained at ; a tftmpftratxire 
of 30 degrees Centigrade "by imnercibn in a water T>&tli. 
The pS was maintained between pH 4^7 and pH 5.2 hy 
Addition of aqueous IfaOE- Tn oach run a' 300* kilolterta, 
1*5 xailliaanpe"re» 50 millivolt signal Was* applied across 
tlie electrode pair in one kettle, "jfo: Signal wag applied 
to the electrode pair in the other, larfrtle.- * 

•JUie rol.l.nvrng .results were obtained? 

S ot 1 

EIAPSED KO CUBBECrj^ OOBKEHU? 

rues 



(hours) 

1.25 
5 

6 

25 



Ethyl 
Alcoliol 
Cgrms/ 
liter) 


• Wucose 
Cgnns/ 
• - liter) 


Alcohol 
(grins/ 
.-. liter) 


Glucose 

Cgrms/ 

liter) 


1-17 


98 


' -72 •; 


100 


1.87 


* 96 


' 1-95" : 


98. 


5.28 


78 • 


5-72" 


79 


31.8 " ' 


• <6,25 


.40.4-.. 


• <0.25 



25 


Pinal Yeast 

Cgnns/liter) 2-5*'. 


2.63 






3et 2 










• 


EIAPSED 
2MKE 


HO 


CTJBKENT 

• 


-'CTJEBEHT 
• 


30 


• (hours) 


Ethyl .' 
Alcohol 
C^rms/ 
liter) 


• 

Glucose 
(gnus/ 

liter).' 


• Ethyl 
Alcohol 

Cgrms/. ' 
liter) 


Glucose 

Cgnns/ 

liter) 




1 


0.09. 


98 


.0.09 • 


103 




2 


6:55 


85 . 




98 






2.7 


78 


.2.2 


76 ' 




C-5 


5.6 • 


72 


6.9 ' 


64 




28 . 


40.2 


(0.25 • 


-• 57.0 


'<0.25 



40 



Pinsa. Yeast 
(gnas/liter) 



0.466 



0.504 
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Set 3 

EIAISED 
TIME 



(hours) 
1 
3 

6 

22.5 

Pinal Yeast 
(grins/liter) 

Set . 

ELAPSED 
TIME 



19- 
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Ethyl 
Alcohol 
(grass/ 
liter )_ 

3-0 

0.5 
22.9 

57.9 

44.2 



Glucose 
(gnns/ 
liter \ 

87 

87 

40 

19 

<0.25 



9.0 



KO OtTEREHT 



1 

2 • 

3 ' 
4 

5 
G 

7 
8 

9 
2'1 

Final Teast 
Cs^sAiter) 



Etliyl 

. Alcohol 
(grans/ 

liber') 

0.7 
2.9 
3.1 
5.2 
11.6 

IS. 7 
24.8 

31.9 
41.7 

40. 0 

8,9 



Glucose 

(grma/ 
•liter? 

103 

98 

84 

78 

GO 
00.2 . 

•3* 



C0^25 



CURRENT 



Kthyl 
Alcohol 

Liter? 

3.5 
11.0 
28.0 
37-0 
48.7 



trlncose 
CfSims/ 
■liter )_ 

88 

70 
45 
19 

<0.25 



9.8 



CTJBBEKT 



Ethyl 
Alcohol 

liter) 
0.6 

3.4 

5.4 
10.5 
19.9 
27.1 
32.0 

51.0 

56-6 



Glucose 

Cgrms/ 

liter) 

HO 

' 95 

92 
'62 

62 
10.3 

-3 



<0.25 



9.6 
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Get 5 

ELAPSED ITO CPKKEHT CUKREUT 

TIM E . . 



5 




Ethyl 
Alcohol 

liter) 


Glucose 

(gnus/ 

liter) 


Efrhyl 
Alcohol 
Igrms/ 
liter) 


Glucose 
^ grins/ 
liter) 




1 


1-0 


109 


. 1-1 


107 




2 


. 2.0 


90 


2.8 


97 


10 




' 4-9 


81 


5.1 


83 




4 


9.5 


GO 


0.0 


80 






17.0 


70 


17.3 


69 




6 


19.1 


54 


17-7 


56 




? 


21.7 


35 ' 


24.0 


39 




8 




21 


57.1 


27 . 


• 


25-5 


41 


• 4 


46.9 


<0.25 



. Final feast 

(grms/liter) 9.9 10.5 



While the invention* has teen described with respect 
20 to certain exemplifications and embodiments % tnat -is 
with respect to certain microbes , i.e., bacteria 9 
actinomycetea, rungi, and yeasts, certain substrates t 
i.e., hydrocarbons, and carbohydrates, and certain 
. products, it is not to "be so limited! except as in tlie 
25 cloinc appended hereto. 
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OTiAIKS ' 

1 9 A method of fermenting a substrate with a 
microureaulam by forming a broth comprising the substrate 2 
and the microorganism, and forming .a ferment a Lion product j 
5 therefrom characterised', in. that a fermentation stimulat- 
ing electrical signal . io imposed aoross the broth* 
" - 2 * A wethad according to claim 1 characterised 

in that the microorganism io yeast r actinomycetes, 
bacteria, ox: unicellular blue-gra^n. al£ae 0 
in 3. A method according to claim 2 character ised 

in thai the. yeast is £ Saccfraromyoldea.e a Saoehar- 
oiavces cervisiae a . 
• 4o A method according to claim l, 2 or 3 
* -.characterised in that the substrate ia a cerbohydrate, 
. 15 hydrocarbon ox* amino p.cid 0 

5. A method according to olaim 4 characterised 
in that the carbohydrate is glucose, fructose or 
mannose* 

6. A method according to claim 4 characterised 
20 1t\ thp-t the carbohydrate is a polysaccharide. 

7o A methud according 'to any of claims 1 to 
fi characterised in that the electrical signal i© 
an alternating current signal or a pulsed direct 
current signal. 
2 5 8o A method according to any of claims 1 to 7 

• . characterised in that the electrical signal has a 
frequency of 0 o 1 kilohert^ to 10 megahertz. 

So .A method according to any or claims 1 to 
7 vherein the electrical signal has a frequency of 
30 1 kiloherfcsr to 1000 IdiohertZo 

10* A method according to any of c laims 1 to 
9 characterised in that the current per unit of ini:er- 
electrode volume is" 'from 1 x 10"' to 30 x 10^ ailli- 
ampere* per cubic centimeter , 
3l> 11.* A method according .to any- of claim© 1 to 10 

characterised- in that the currest per unit of broth is 
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froia 1 x 10" 4 to 50 x milliamperes per cubic 
continetcr. 

12. A method according to any of claims 1 "to 11 
characterised in that the current density ±b from 2 x 

5 10 to 50 2 10 mllliiamperfcss per square centimeters • 

13. A method annnrflin,- to any of claims 1. to 12 
characterised in the* the voltage flux is 0 o 1 to 3 
millivolts per centimeter* 

14p A method according to any of claJUu* 1 to 13 

10 'characterised in that the interelectrode power diesipat- 

ion io from 0*2 x 10 1 to 6 x 10 ' watts per cubic 

centimeter of interelectrode volume* . 

■ 15* A method according to any of claims 1 to 14 

characterised in tisa* the broth power dissipation is 
—8 —8 

15' from 0o2 x 10 to 8 x 10 watte per -cubic centimeter 
of hrotho 



4 
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